I -INTRODUCTION
The LEP magnet system [11 contains about 1300 quadrupole and sextupole magnets t o provide t h e r e q u i r e d focusing o f t h e beams. The main c h a r a c t e r i s t i c s o f these lenses are shown i n Table 1.
The supply of the magnets w i l l take place over a p e r i o d o f about 34 months a t a t y p ic a l r a t e o f 40 u n i t s per month. The reception t e s t s a t CERN include the measurements o f the strength and f i e l d q u a l i t y o f each magnet t o v e r i f y t h a t the tolerances imposed by beam o p t i c s I 2 1 are respected. The r e l a t i v e p r e c i s i o n r e q u i r e d f o r these measurements i s a few p a r t s i n lo4. Furthermore, the reference t a r g e t s o f the quadrupoles must be a l i g n e d t o i 0.05 m m w i t h respect t o t h e measured magnetic axis, since they w i l l serve as reference monuments i n the LEP arcs and hence d e f i n e the c e n t r a l o r b i t o f t h e beams. 
I 1 1 -SYSTEM LAYOUT The system has been designed w i t h t h e aim o f performing r a p i d l y and p r e c i s e l y t h e reception t e s t s o f a magnet, i.e. automatic pre-alignment on the bench, l o c a t i o n o f the magnetic axis, s e r i e s measurements and alignment o f the reference targets.
To achieve f l e x i b i l i t y i n the schedule and l o c a t i o n o f the measurements, each system i s autonomous. R e l i a b i l i t y and easy maintenance are provided f o r by a modular fayout a t a l l l e v e l s (Fig. 1) . A CBM 8032 general purpose microcomputer c o n t r o l s the t h r e e sub-systems handling, respectively, the actual magnetic measurements, t h e remotec o n t r o l l e d alignment and the s e t t i n g o f t h e power supplies o f the magnets.
I V -MAGNETIC FIELD MEASUREMENTS
The harmonic c o i l s , supported by an appropriate r o t a t i n g s t r u c t u r e described below, achieve one f u l l rev01 u t i o n i n each d i r e c t i o n . During r o t a t i o n , t h e voltage induced a t t h e c o i l s ' terminals i s i n t e g r a t e d and sampled a t 256 e q u a l l y spaced i n t e r v a l s . 
System
The voltages i n t e g r a t e d i n each i n t e r v a l f o r clockwise and a n t i -c l ockwise r o t a t i o n are compared t o d e t e c t anomalies and averaged t o cancel the d r i f t o f the integrators. The s i n g l e values are then added up and the r e s u l t i n g f l u x curve submitted t o harmonic analysis. A f u r t h e r v e r i f i c a t i o n o f the measurement q u a l i t y i s c a r r i e d o u t by comparing the harmonic c o e f f i c i e n t s measured w i t h the s i n g l e c o i
To f i n d the magnetic a x i s o f the quadrupoles t o w i t h i n 0.02 mm, t h e angles a t which the i n t e g r a t e d voltages are sampled must be precise t o w i t h i n 2
For t h i s purpose, a 1 5 -b i t absolute encoder i s used; t o achieve the nominal precision, any r a d i a l l o a d on t h e encoder s h a f t must be avoided. 
MQ and MQA quadrupoles ( t h e r a t i o tens i l e strength/density o f impregnated Kevlar i s 2.6 times t h a t o f impregnated E-gl ass). Special t o o l s had to, be developed t o overcome the poor machinabil i t y o f
Kevlar. The g l a s s -f i b r e and Kevlar tubes are manufactured using the f i l a m e n t winding technique.
The measuring c y l i n d e r s are loaded w i t h counterweights a t both ends t o minimize t h e i r sag which can so be kept below 0.02 m m f o r even t h e longest ones.
The c o i l s are made w i t h m u l t i s t r a n d wires p u t under tension a t one end, supported on t h e c y l i n d e r s a t p o i n t s spaced a t maximum by 0.7 m t o l i m i t the w i r e sag t o 0.02 m m and avoid v i b r a t i o n problems. Copper w i r e has been used up t o now (strand diameter 0.07 mm, tension f o r c e 2.8 N/strand) , b u t tungsten w i r e (go1 d p l ated, strand diameter 0.05 mm, tension f o r c e 4.5 N/strand), i s being t e s t e d because i t shows a sag f o u r times smaller than t h a t of copper wire.
The measuring c y l i n d e r s are supported near t o the magnet ends by non-magnetic, f r i ct i o n l e s s a e r o s t a t i c journal bearings C51, which ensure a r o t a t i o n c o n c e n t r i c i t y o f b e t t e r than 0.01 mm.
V -REMOTE-CONTROLLED MAGNET ALIGNMENT Sensors -I n the past, t h e v i r t u a l reference a x i s has been defined by a telescope and TZyT6?-Hobson targets, b u t t h e a1 ignment procedures were lengthy and prone t o human e r r o r . By using a l a s e r beam a c t i n g on quadrant photo-diodes, a magnet can be automat i c a l l y aligned. A p r e c i s i o n o f the v i r t u a l a x i s o f f 0.01 m m a t 4 m distance from t h e source can be obtained by s h i e l d i n g the outgoing beam from a i r movements over a l e n g t h o f 400 mm, and by a c a r e f u l design o f t h e support o f t h e l a s e r tube (HeNe, 1.5 mu).
Level measurements are c a r r i e d o u t w i t h e l e c t r o n i c l e v e l s achieving a p r e c i s i o n of 10-5 w i t h i n a s e t t i n g time o f a few seconds. Pre-alignment -Magnets must be pre-aligned t o w i t h i n 0.5 m m w i t h respect t o the f6G6FGflE:T-ixis so as t o be able t o i n s t a l l the measuring cylinders. A j i g c a r r y i n g two e l e c t r o n i c l e v e l s and a photo-diode i s positioned on the the magnet's reference surfaces. A1 1 displacements are made automatically , except t h e angular mi sal ignment around t h e v e r t i c a l axis, which i s corrected by observing t h e r e f l e c t i o n angle on the photo-diode o f t h e incoming beam. The whole procedure takes l e s s than ten minutes.
Location o f the magnetic a x i s -Following the f i r s t magnetic measurement, the bench co~fF6iTer-?oi~ifGs-fh~-6?Ps~t between the t h e o r e t i c a l and the measured magnetic axes from t h e harmonic c o e f f i c i e n t s obtained from the s h o r t end c o i l s . This information i s used t o a d j u s t t h e magnet p o s i t i o n i n order t o cancel ( w i t h i n 0.02 mm) the measured o f f s e t . It may take up t o f o u r i t e r a t i o n s , each l a s t i n g about f i v e minutes, t o achieve the required p r e c i s i o n i n magnet position.
Once the magnetic a x i s coincides w i t h the a x i s o f the r o t a t i n g c o i l s , which i n t u r n i s i n t h e same v e r t i c a l plane as t h e l a s e r beam, t h e reference t a r g e t s o f the magnet are then manually a l i g n e d w i t h respect t o t h a t beam.
V I -OVERALL SYSTEM PERFORMANCE AND CONCLUSIONS A prototype measuring bench has been used t o measure t h e prototype LEP l a t t i c e quadrupole. Systematic e r r o r s due t o mechanical asymmetries i n the system were estimated by t u r n i n g t h e measuring c y l i n d e r end t o end and by s t a r t i n g the measurement a t d i ff e r e n t angles. Expressed i n terms o f r e l a t i v e e r r o r on the gradient a t the useful aperture, a p r e c i s i o n of -1 on t h e c o n t r i b u t i o n o f each harmonic c o e f f i c i e n t up t o n = 15 has been achieved. 8-pole and 16-pole terms created by an asymmetry i n the assembly o f the prototype quadrupole have been measured and found t o be i n e x c e l l e n t agreement w i t h the values predicted by the p e r t u r b a t i o n method 16, 71 . The magnetic a x i s o f t h e quadrupoles can be found t o w i t h i n 4 0.01 mm.
Thanks t o t h e complete on-line data reduction and t o the automatization o f the a l i g nment, the time needed t o make a l l the reception t e s t s o f a magnet i s reduced t o l e s s than h a l f a normal working day. Three benches, one for the two types o f sextupole and one f o r each type o f quadrupole, are now being assembled t o measure the 1300 magnetic lenses needed f o r LEP.
